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Rapid antigen detection tests (RADTs) for group A streptococci (GAS) are widely used for diagnosing acute pharyngitis, which
has led to a considerable reduction in antibiotic prescriptions over the past decade. Beyond this intended use, their reassessment
on invasive samples may be relevant in the management of life-threatening GAS infections. To this end, we evaluated the perfor-
mances of three RADTS, culture, GAS PCR, and 16S rRNA gene PCR assays, and compared them with a composite gold standard
(GAS-PCR assay and/or culture) for the diagnosis of severe GAS infection. A total of 192 specimens from deep-tissue (mostly
normally sterile) sites enriched for 75 GAS-positive samples were enrolled in the study. The three evaluated RADT's showed sen-
sitivities ranging from 88.0% to 94.7% versus 98.7% for GAS PCR, 84% for 16S rRNA gene PCR, and 77.3% for culture. The sen-
sitivities of the ImmunoCard STAT! Strep A test (Meridian Bioscience) and the NADAL Strep A strip (Nal Von Minden) were
similar to that of GAS PCR (P = 0.25 and 0.03, respectively) and higher than that of culture (P = 0.001 and 0.006, respectively),
whereas the SD Bioline Strep A test strip (Standard Diagnostics) showed a performance similar to that of culture (P = 0.02). The
three RADTs detected 10 distinct emm types, including a predominance of emm 1 (33.3%), emm 89 (10.6%), and emnm 12 (7.6%).
No false-positive results were observed, leading to a specificity of 100% for all the evaluated RADTs. The GAS RADTs turned out

to be sensitive, specific, and easy-to-use tools that may aid in the management of invasive GAS infections in 24/7 point-of-care

laboratories by enabling early diagnosis and focused therapy.

G roup A streptococci (GAS) are common bacterial pathogens
responsible for mild diseases, such as pharyngitis, and inva-
sive and life-threatening infections resulting from their dissemi-
nation into deep tissues. The worrying increase in the prevalence
of these severe infections and their high fatality rates emphasize
the need for rapid diagnostic tests to aid in patient management
(1,2).

Over the past 2 decades, manufacturers have developed immu-
nochromatographic rapid antigen detection tests (RADTSs) that
detect the polysaccharide C cell-wall antigen of bacteria. These
tests are now widely used for diagnosing pharyngitis in pediatric
outpatient clinics and private practices, which has considerably
reduced the number of antibiotic prescriptions and resulted in
fewer throat cultures performed by laboratories (3-5).

Extending their indication beyond this intended use, namely,
on deep-seated samples, may reduce delays in the diagnosis of
invasive infections. To this end, we evaluated the performances of
three commercially available RADTs approved for pharyngitis in
the diagnosis of invasive GAS infections and compared them with
those of conventional culture and molecular techniques.

MATERIALS AND METHODS

Patients and clinical specimens. This survey was conducted by three
teaching hospitals (in Lyon, Grenoble, and Saint-Etienne, France) be-
tween May 2013 and April 2014 on a population enriched for GAS-posi-
tive samples. With one exception, the GAS-positive specimens enrolled in
this study were selected retrospectively (within 1 week after plating) on the
basis of their positivity for GAS by culture or 16S rRNA gene PCR. All
GAS-negative specimens and a single GAS-positive specimen were se-
lected over the same period according to the site of infection on the basis
of a GAS-negative result by culture or 16S rRNA gene PCR.
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In this study, invasive GAS infection was defined by the isolation of
Streptococcus pyogenes and/or the detection of GAS DNA by 16S rRNA
gene or GAS-specific PCR from a sterile site or a deep pulmonary sample.

Repeated samples from the same patient were excluded. Data regard-
ing any antibiotic therapy before and at the time of the sampling were
collected. Oral informed consent was obtained from each patient or his or
her legal representative.

Conventional culture. After Gram staining, samples were inoculated
after receipt in each laboratory on at least horse blood agar (bioMérieux,
Marcy I’Etoile, France) incubated under aerobic conditions, chocolate
agar (bioMérieux) incubated in a 5% CO, atmosphere, and Schaedler
broth (bioMérieux) at 35°C. A supplementary Gram-positive selective
agar plate containing colistin and nalidixic acid (bioMérieux) was added
for respiratory samples. Culture media were incubated for at least 48 h. All
isolates were identified by colony morphology, hemolysis, Gram staining,
oxidase and catalase tests, and matrix-assisted laser desorption/ioniza-
tion—time of flight (MALDI-TOF) mass spectrometry (Vitek MS mass
spectrometer [bioMérieux]| or Biotyper [Bruker, Germany]) or latex ag-
glutination (diagnostic reagents; Oxoid, Dardilly, France).
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Specimens were stored at 4°C for 1 week after culturing and then
frozen at —20°C. A 500- to 1,000- ] volume of DNA-free water was added
to swabs, low-volume liquid samples, and soft samples (i.e., tissular bi-
opsy specimens) to reach a 1,000-p.l final volume, which was required to
perform the RADTSs and PCR assays.

Rapid antigen detection tests. Three colorimetric dipstick RADTSs
were evaluated at the same time in each laboratory on refrigerated or
frozen samples, the ImmunoCard STAT! Strep A (Meridian Bioscience,
Paris, France), the NADAL Strep A strip (Nal Von Minden, Moers, Ger-
many), and the SD Bioline Strep A test strip (Standard Diagnostics, Jouy-
en-Josas, France). Each specimen was absorbed on a swab provided by
each manufacturer. In the case of a soft sample, the swab was also rubbed
on the sample to discharge as many bacterial antigens as possible into the
DNA-free water. Then, the RADTSs were performed according to manu-
facturer instructions.

Double-blind readings of the result windows were performed to war-
rant an objective RADT evaluation. Any discrepant result led to a second
test.

Genomic DNA extraction. DNA was extracted from 200 pl of clinical
samples within 1 week after plating by proteinase K enzymatic digestion
and DNA isolation using the MagNA Pure compact nucleic acid isolation
kit on a MagNA Pure compact system (Roche Diagnostics, Meylan,
France) in Lyon or a QIAsymphony instrument (Qiagen, Courtaboeuf,
France) in Saint-Etienne. The High Pure PCR template preparation kit
(Roche Diagnostics, Meylan, France) was used for manual processing in
the Grenoble laboratory. DNA extracts were collected in the Lyon labora-
tory to perform the PCR assays. They were all shipped and stored
at —20°C until the PCR assays were performed.

16S rRNA gene PCR assay. 165 rRNA gene amplification was per-
formed from 5 pl of DNA extract using the Taq’Ozyme HS system
(Ozyme, St. Quentin-en-Yvelines, France), primers 91E (TCAAAK-
GAATTGACGGGGGC) and 13Bs (GCCCGGGAACGTATTCAC), both
at 0.5 uM, and propidium monoazide to remove unspecific DNA back-
ground (6, 7). Amplified products were examined in 1.25% agar gel elec-
trophoresis supplemented with SYBR Safe DNA (Invitrogen, Illkirch,
France) and, if positive, were submitted to single-strand DNA sequencing
using primer 13Bs (Biofidal, Vaulx-en-Velin, France). Bacterial identifi-
cation was made by comparing the obtained sequences with Le BIBI
(Quick Biolnformatic Phylogeny of Prokaryotes) gene data bank (see
https://umr5558-bibiserv.univ-lyon1.fr/lebibi/lebibi.cgi).

GAS-specific real-time PCR assay. Amplification of the ntpB gene was
performed from 2.5 pl of DNA extract on a SmartCycler (Orgentec,
Trappes, France) using TaKaRa SYBR Premix Ex Taq (Ozyme) and prim-
ers StrA7-1 (GTCGATTTTGCCACGTACCG) and StrA7-2 (TGCATG-
GTCAACTCAATCATTTGC), both at 0.25 uM, for 45 cycles (8). A pos-
itive result was defined by the detection of a 178-bp-specific amplicon
with a melting temperature of 80 = 0.5°C.

emm type characterization. All GAS isolates and positive DNA ex-
tracts were referred to the French National Reference Centre for Strepto-
cocci for emm sequence typing as previously described (9).

Statistical analysis. The performance of RADTS, culture, and PCR
assays was assessed, and the results were compared with those of a com-
posite gold standard (GAS-PCR assay and/or culture) using the exact
McNemar test. A P value of <0.01 indicated that the categories were
statistically significantly different.

RESULTS

A total of 192 deep-seated specimens were enrolled in this study
on the basis of their positivity or negativity for GAS. These samples
were collected from patients suspected of having invasive infec-
tion and who were aged between 6 months and 92 years in Lyon
(n = 136), Saint-Etienne (1 = 39), or Grenoble (n = 17) hospitals.
The samples consisted of deep respiratory (pleural fluid, pulmo-
nary biopsy specimens, and bronchoalveolar lavage fluid; n = 44),
osteoarticular (synovial fluid, hygroma, abscesses, discal biopsy
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TABLE 1 Clinical specimens collected for this study

Clinical specimens ~ No. of GAS-positive No. of GAS-negative

(n=192) specimens (total n = 75)  specimens (total n = 117)
Respiratory 14 30

Osteoarticular 15 28

Subcutaneous 21 16

Otolaryngologic 18 17

Digestive 2 14

Cardiological 0 6

Neurological 2 3

Gynecological 2 1

Others 1 2
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specimens, and swabbed diabetic foot ulcers; n = 43), subcutane-
ous (abscesses and tissular biopsy specimens; n = 37), otolaryn-
gologic (abscesses, tissue, and paracenteses fluid; n = 35), diges-
tive (bile, peritoneal fluid, ascites, and abscesses; n = 16),
cardiological (heart valves and pericardic fluid; n = 6), and neu-
rological (cerebrospinal fluid and cerebral abscesses; n = 5) sam-
ples, gynecological abscesses (n = 3), a renal abscess (n = 1), a
transplantectomy cavity (n = 1), and lymph fluid (n = 1). Among
these samples, 75 (39.1%) tested positive for GAS by the gold-
standard method (GAS PCR and/or culture) (Table 1), 9 of which
(12%) were collected on a single swab that was plated before add-
ing DNA-free water for performing RADTs.

The GAS-PCR assay was the most sensitive technique (sensi-
tivity, 98.7%) with cycle thresholds ranging from 14.2 to 31.1,
followed by RADTs (sensitivity, 88% to 94.7% according to the
test), 16S rRNA gene PCR (sensitivity, 84%), and culture (sensi-
tivity, 77.3%) (Table 2). Gram staining revealed typical Gram-
positive cocci in pairs and/or chains for only 21 (28%) of the
GAS-positive samples.

Regarding the sensitivity of GAS PCR, statistically significant
differences with culture (P = 0.0001) and 16S rRNA gene PCR
(P = 0.001) were observed. Among the 75 GAS-positive samples,
11 had discrepant results between GAS and 16S rRNA gene PCR,
although all of them were positive with 16S rRNA gene PCR.
Seven of them yielded an undetermined identification due to plu-
rimicrobial DNA sequences (contamination of samples or pluri-
microbial infection). Three of them were limited to identification
at the Streptococcus genus level, and the last DNA sequence led to
the identification of Streptococcus intermedius which was associ-
ated with GAS by culture.

No significant differences were observed between the sensitiv-
ities of GAS PCR and those of the ImmunoCard STAT! Strep A
test (P = 0.25) and NADAL Strep A strip (P = 0.03), whereas the
SD Bioline Strep A test strip performed less well (P = 0.008). Only
the ImmunoCard STAT! Strep A test and NADAL Strep A strip
also yielded a sensitivity higher than that of culture (P = 0.001 and
0.006, respectively).

Within the 17 GAS-positive samples associated with a negative
culture (Table 2), the data regarding any antibiotic therapy were
collected for 14 of 17 patients. All of them were receiving antibi-
otic therapy before or at the time of sampling, which may explain
these discrepant results. Among them, 3, 5, and 6 samples also
tested negative with the ImmunoCard STAT! Strep A test, NADAL
Strep A strip, and SD Bioline Strep A test strip, respectively, which
decreased the respective RADT sensitivities from 94.7% to 82.4%,
90.7% to 70.6%, and 88% to 64.7% on culture-negative samples,
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TABLE 2 Comparison of methods for the detection of group A streptococci in patients suspected of having an invasive infection®

Sensitivit Specificity”
No. true No. false No. false No. true ensitivity” pecificity
Diagnostic method positive positive negative negative % 95% CI° % 95% CI
RADTs
ImmunoCard STAT! Strep A (Meridian Bioscience) 71 0 4 117 94.7 86.9-98.5 100 96.9-100
NADAL Strep A strip (Nal Von Minden) 68 0 7 117 90.7 81.7-96.2 100 96.9-100
SD Bioline Strep A test strip (Standard Diagnostics) 66 0 9 117 88.0 78.4-94.4 100 96.9-100
Molecular assays
16S rRNA gene PCR positive for GAS 631 0 12 117 84.0 73.7-91.5 100 96.9-100
GAS-PCR 74 0 1¢ 117 98.7 92.8-99.9 100 96.9-100
Culture 58 0 17 117 77.3 66.2-86.2 100 96.9-100

“ One hundred ninety-two samples were analyzed using all techniques.
b With the limitation of an enriched population.

€95% CI, 95% confidence interval.

4 The 63 samples were all positive with GAS PCR.

¢ The sole sample that tested negative with GAS PCR was positive by culture only and grew few colonies.

suggesting that the performance of RADTs may be reduced if they
are used as a second-line diagnostic test. For these culture-nega-
tive samples, the ImmunoCard STAT! Strep A test still demon-
strated the highest sensitivity (Table 3).

Three culture-positive samples tested negative in at least one
RADT (Table 3). Among them, the sole articular fluid that tested
negative in all the RADTSs grew only a few colonies and tested
negative in the 16S rRNA gene and GAS PCR.

Within GAS-negative specimens (n = 117), no etiological
agent was identified in 26 samples. The other 91 samples proved to
be positive by culture (n = 30), 16S rRNA gene PCR (n = 33), or
both (n = 28) with at least one of the following pathogens: Strep-
tococcus milleri group (n = 16), Streptococcus agalactiae (n = 8),
Streptococcus pneumoniae (n = 7), Streptococcus dysgalactiae (n =
3), Streptococcus mitis/oralis (n = 2), Streptococcus parasanguinis
(n = 2), Streptococcus gallolyticus (n = 1), Enterococcus faecalis
(n = 2), Enterococcus faecium (n = 2), Staphylococcus aureus (n =
11), Staphylococcus epidermidis (n = 5), Peptostreptococcus micros
(n = 1), Paracoccus spp. (n = 1), Escherichia coli (n = 7), Salmo-
nella enteritidis (n = 1), Proteus mirabilis (n = 1), Enterobacter
asburiae (n = 1), Hafnia alvei (n = 2), Pseudomonas aeruginosa
(n = 2), Acinetobacter baumannii (n = 1), Porphyromonas spp.
(n = 1), Fusobacterium spp. (n = 6), Bacteroides spp. (n = 1),
Prevotella spp. (n = 5), Pasteurella multocida (n = 1), Mycobacte-
rium tuberculosis (n = 1), Bartonella quintana (n = 1), Nocardia

spp. (n = 1), Kingella kingae (n = 1), Candida spp. (n = 1), and
Neisseria meningitidis (n = 1).

These samples were all negative for GAS by all of the methods
used. It was notable that no false-positive results reflecting cross-
reactivities with other streptococcal antigens were observed for
the three evaluated RADTs that demonstrated specificities of
100%.

A total of 66 GAS were genotyped from the isolated strains
(n = 4), directly from the DNA extracted from biological sam-
ples (n = 40), or both (n = 22). Twenty-one emm types were
characterized, with the major one being emm 1 (33.3%; n = 22),
followed by emm 89 (10.6%; n = 7) and emm 12 (7.6%; n = 5)
(Fig. 1). Most of the GAS typed from respiratory (70%; n = 7) and
osteoarticular (61.5%; n = 8) samples belonged to the emm 1 type.
All emm 12 and most of emm 1 types (68%; n = 15) were found in
children younger than 10 years. Nine GAS could not be typed due
to both negative culture and an insufficient bacterial DNA
amount in the clinical specimens.

DISCUSSION

In this study, we assessed the role of RADTSs for the diagnosis of
invasive GAS infections. Neither RADTs nor GAS PCR reached a
sensitivity of 100%, but both of them turned out to be more sen-
sitive than conventional culture and 16S rRNA gene PCR, which

TABLE 3 Performance of culture and 16S rRNA gene and GAS-PCR assays on the nine samples showing at least one negative RADT

Cerebrospinal Tissue biopsy Articular Articular Pleural Pleural Articular Articular Tonsil
Diagnostic method fluid specimen fluid 1 fluid2  fluid1 fluid2 fluid3  fluid4  abscess
RADTs

ImmunoCard STAT! Strep A (Meridian Bioscience) + + - + + + — — _

NADAL Strep A strip (Nal Von Minden) + - — + — — — — _

SD Bioline Strep A test strip (Standard Diagnostics) — - - — — - — —
Culture + + +4 — — - — _
Molecular assays

16S rRNA gene PCR positive for GAS + + - + + + + + b

GAS PCR + + - + + + + + +

“ Less than five colonies.
b Positive 16S rRNA gene PCR assay showing a plurimicrobial sequence.
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FIG 1 emm type distribution among group A streptococci responsible for invasive infections (n = 66). Genotyping was performed from the isolated strains (n =

4), the DNA extracted from the biological samples (n = 40), or both (n = 22).

are routinely performed in microbiology laboratories for diagnos-
ing invasive infection.

The samples that tested negative for RADTSs but positive for
GAS PCR all had a PCR cycle threshold greater than 30.5, reflect-
ing a low bacterial load. These findings are consistent with the
detection limits of the two techniques: 10* to 10° CFU for RADTSs
(according to the manufacturers) and 25 genome copies per assay
for GAS PCR (determined in our laboratory).

We observed differences between the performances of the
three RADTs, with sensitivities ranging from 88.0% to 94.7%,
although this difference did not reach statistical significance. The
ImmunoCard STAT! Strep A and the NADAL Strep A strip were
significantly more sensitive than culture, which was not expected
due to the respective detection limits announced by the manufac-
turers.

Aswith GAS PCR and culture, RADTs had demonstrated spec-
ificities of 100%, outperforming the expected results for pharyn-
gitis (95.8% to 97.8% according to the manufacturers). No false-
positive results, in particular with other streptococci were
observed in our study, although RADT cross-reactivities with the
Streptococcus milleri group have been described (10, 11). These
cross-reactivities must be interpreted with caution, because
RADTSs were compared with culture only and GAS PCR was not
performed. Cohen et al. (12) recently showed that most of the
samples with false-positive RADTs were PCR positive, suggesting
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specificity close to 100% in pharyngitis. Moreover, Rubin et al.
(11) assessed the lack of specificity of RADTs by directly testing
colonies, which provides a high bacterial load compared with that
of clinical samples and may generate cross-reactivity.

To our knowledge, we performed the largest study to date on
the reassessment of GAS RADTs on invasive samples. Literature
data on extrapharyngeal specimens are scarce and limited to su-
perficial infections, such as perianal cellulitis, impetigo, whitlows,
and rhinitis (13-16). All these data confirmed that RADTs de-
signed for GAS pharyngitis can be used to diagnose extrapharyn-
geal GAS infection accurately. A single study on 120 pleural fluid
samples but limited to 10 GAS-positive specimens from pediatric
patients has already been published (17). Sensitivities of 100%,
90%, and 10% have been reported for GAS PCR, RADTs, and
culture, respectively. With the exception of culture, the results of
our work show similar trends, but we allowed the assessment of
RADTs on a large number of positive samples and a broad range
of patients and biological matrices in which the presence of GAS is
considered abnormal. Our study also included other major
sources of variability, such as site-to-site variations and the effect
of different operators.

The determination of emm type distribution is a major tool for
epidemiological investigations of GAS infection, because invasive
strains markedly differ from strains responsible for mild infec-
tions in Europe. Because RADTSs were developed for diagnosing
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pharyngitis, we aimed to characterize the emm types implicated in
this study. emm 1, emm 89, and emm 12 have been the most fre-
quently identified sequence types described in invasive infections
in Europe, the United States, and Australia (18-20). Nonetheless,
the increased prevalence of emm type 28 strains was not observed
in our study. emm type 12 strains were isolated exclusively from
children, which correlated with literature data that showed a pre-
dominance of emm types 1 and 12 in pediatric invasive infections
(21, 22). Finally, GAS strains detected from respiratory and osteo-
articular samples were predominantly emm type 1. Plainvert et al.
described such an association for respiratory samples only (with
the emm type predominant in septic arthritis being emm 28), but
the limited number of osteoarticular samples in this study may
restrict our interpretation regarding emm distribution (18).

Our study had several biases. The relatively low incidence of
invasive GAS infection (75 cases in 3 teaching hospitals over a
1-year period) and the limited number of RADTs provided by the
manufacturers mandated the use of repository samples. Although
the combination of culture and PCR sounds like a reasonable and
well-admitted reference standard, the enrichment for positive
specimens may potentially bias the sensitivity and specificity cal-
culations. In this setting, the prevalence of invasive GAS infection
was also not evaluated, and thus the positive and negative predic-
tive values of the three evaluated RADTSs were not determined.

Many GAS-positive samples were also selected according to the
culture results, which probably overestimated the performance of
culture and minimized the contribution of RADTSs as potential
24/7 point-of-care (POC) laboratory tests. It would have been
relevant to assess the performance of RADTs on more specimens
containing noncultivable GAS collected from patients who had
received an antimicrobial treatment before sampling.

Furthermore, 12% of the positive samples were collected on a
single swab that was plated before adding water for performing the
RADTs. This also contributed to minimize the sensitivity of
RADTSs compared with that of culture, because we observed that
their sensitivities had decreased by a value of 12.3% to 23.3%
(depending on the test) among culture-negative samples com-
pared with those of culture-positive samples.

Nonetheless, this study provides further insight into ways of
improving the management of invasive GAS infection. RADTs
can be performed in <1 h, whereas culture or PCR requires at least
1 day for achieving results. As demonstrated for pharyngitis, their
use may limit antibiotic overprescription and focus the treatment,
limiting the side effects and the emergence of antimicrobial resis-
tance (5, 23). It may also be helpful for optimizing therapy by
adding antitoxin antibiotics, such as clindamycin, and intrave-
nous immunoglobulin, which reduce the risk of fatal outcome
(24, 25).

A suitable environment is required for performing RADTs and
detecting weak positive samples. For pharyngitis, Park et al. high-
lighted that the main reason for many clinicians not using RADTs
is a lack of time (26). Among several factors that affect RADT
sensitivity, the training of the person performing the test is a key
determinant. Cohen et al. showed that RADT sensitivity is
strongly influenced by the physician performing the test and is
higher for physicians with hospital-based clinical activity in addi-
tion to office-based practice (27). Toepfner et al. showed signifi-
cant differences in their performance when performed by lab tech-
nicians versus physicians and demonstrated that the performance
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no longer differed between the two groups after implementing
additional hands-on training (28).

Altogether, our results validate the use of RADTs for GAS on
invasive samples. Because Gram staining demonstrated a limited
contribution to the diagnosis and because the sensitivity of
RADTs was decreased with culture-negative samples, we recom-
mend their use as first-line diagnostic tests, at the time of plating,
when clinical symptoms give rise to suspicion of invasive GAS
infection. They can be used at any time and are less time-consum-
ing, less expensive, and more rapid and suitable than PCR assays,
which are usually performed in cases of negative culture. As tests
that are used for diagnosing pneumococcal pleural empyema or
meningitis, we showed that GAS RADTs are sensitive and specific
tools that may be particularly useful when patients have received
previous antibiotic therapy that usually leads to negative cultures
(29). Nonetheless, data in the literature lead to the implementa-
tion of these RADTs in POC laboratories rather than hospitaliza-
tion wards.

Although they demonstrated strong performance, any RADTSs
can have a lower sensitivity than GAS PCR for the diagnosis of
invasive infections. It may be relevant to evaluate the performance
of new fully automated tests on the basis of loop-mediated iso-
thermal amplification technology (illumigene; Meridian Biosci-
ence) or fluorometry (mariPOC; ArcDia, Turku, Finland), which
may be more sensitive than colorimetric RADTs and comply with
quality requirements (30, 31).
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